(2%) of the recorded cases had a documented history of epilepsy, 82 (36%) of whom had epilepsy recorded as the cause of death. Of these 82 deaths, the majority were male (60-73%) and half (median age) were aged 47 years or younger. A post mortem toxicology report was available for 65 (79%) of these deaths, of which over two thirds (44-68%) did not have any antiepileptic drugs present on toxicology. Over two thirds of these deaths, (31-70%) were among people known to be alcohol dependent.
Introduction
The increased risk of death among young people with epilepsy compared to the general population is acknowledged [1, 2] . Alcohol dependency is reported to be a risk factor for increased deaths among people with epilepsy [3] . An increased prevalence of seizures and epilepsy has been reported during acute alcohol intoxication and alcohol withdrawal stages among chronic alcohol dependent persons [4, 5] .
Lack of public health surveillance data for epilepsy-related deaths has been recognised as a problem [1, 3] . Prior Irish research has recommended further exploration of the characteristics of people with epilepsy who die unexpectedly, to help identify risk factors [6] .
The NDRDI is the national surveillance system which records all deaths by drug and/or alcohol poisoning, and deaths due to all causes among drug users and alcohol dependent persons in Ireland. On average 1400 deaths per year are recorded. Information on deaths among people with epilepsy who died as a result of alcohol or drug toxicity, prior drug or alcohol dependency, or nondependent misuse of drugs is currently recorded in the database but has not been explored or reported separately.
The aim of this study was to enumerate and describe deaths in people with a history of epilepsy who were recorded in the NDRDI.
Methods
This paper investigates deaths among people with epilepsy, using data from the Irish special register for drug-related deaths, the NDRDI, for the years 2004-2013. The NDRDI collects data from four sources: the General Mortality Register (GMR) (via the Central Statistics Office (CSO)), coroners' records, acute hospital in-patient records (via the Hospital In-Patient Enquiry (HIPE) system) and the national methadone treatment register (the Central Treatment List (CTL)). Data are collected retrospectively [7] , and include: demographic details; socio-economic information; history of problem drug use, drug and/or alcohol dependency; risk behaviours, e.g. injecting drug use; medical diagnosis, including blood-borne viral infection status; drug or alcohol treatment history; history of mental illness; ante mortem and post mortem toxicology results; hospital diagnoses and details about the cause of death. The information for each death is linked across the four sources to avoid duplication and to ensure that information on each death is complete.
To meet the NDRDI inclusion criteria the person must have died as a result of the direct toxic effects of drugs and/or alcohol consumption. For the purposes of this paper, this type of death is referred to as a 'poisoning' death. The NDRDI also includes deaths that have a recorded history of drug and or alcohol dependence or a history of non-dependent misuse of drugs, regardless of the cause of death. For the purposes of this paper, this type of death is referred to as a 'non-poisoning' death.
Individuals with epilepsy recorded in the NDRDI were identified if they had ICD 10 codes G40 to G41 inclusive recorded in HIPE data or where epilepsy was listed by the coroner on the death certificate. These individual deaths were included in the NDRDI because they met the inclusion criteria.
Data were entered into a secure and encrypted Microsoft Access database and when matched and exported were anonymised and analysed using SPSS version 22. A descriptive analysis was conducted.
Results

Profile of people with epilepsy
Between 2004 and 2013, 13,362 deaths were recorded on the NDRDI. Of these 225 (1.7%) were people who had a documented history of epilepsy.
The majority of those with a history of epilepsy were middle aged males, almost one third (29%) were known to be unemployed and almost half (47%) were residing in an urban area (Dublin city and county) at the time of their death (Table 1) . Having a known history of alcohol dependency was prominent in this group (81%) and one fifth (21%) were also recorded as using illicit drugs. Almost one fifth (17%) were prescribed medication so can be considered as being in contact with medical services. The NDRDI only commenced collecting data related to mental illness on deaths that occurred from 2010 onwards. Of the group of people who had a documented history of epilepsy who died between 2010 and 2013 inclusive (n = 88), 17% had a history of mental illness.
Profile of people where epilepsy was not the main cause of death
Epilepsy was not recorded as the main cause of death for almost two thirds (143-63.5%) of deaths among people with epilepsy ( Table 2 ). The other causes of death included; respiratory infection (23%), cardiac events (13%) and liver disease (13%). A small number (14-9.8%) of deaths were due to poisonings. The most common drug groups implicated in these poisoning deaths were opiates and benzodiazepines. People who died of other causes were slightly older with a median age of 55 years (Table 1) . They had lower levels of unemployment and mental illness then those who died due to epilepsy. The highest percentage of people with alcohol dependency, at 86%, was among those who died of causes other than epilepsy; however they also had the lowest percentage of people with a history of illicit drug use.
Over one third of individuals with a history of epilepsy (82-36.4%) had epilepsy recorded as the main cause of death, with the majority of these deaths certified as a Sudden Unexpected Death in Epilepsy (SUDEP).
Profile of people where epilepsy was the main cause of death
People, for whom the coroner recorded epilepsy as the main cause of death, were younger than those with a history of epilepsy who died from other causes ( Table 1) . They also had a higher percentage of unemployment, illicit drug use and history of mental illness. Almost two thirds (63%) of these people were not alone at the time of their death, with family or friends present in 30% of cases. Data are not available to indicate if the actual seizure that lead to the death was witnessed or not. Private dwelling as 'place of incident' was recorded in over half (59%) of this group.
Toxicology was available for 65 deaths due to epilepsy. Over two thirds (44-67.7%) did not have antiepileptic drugs present on post mortem toxicology and the same proportion had a documented history of alcohol dependency (Table 1) . 
Profile of people where epilepsy was the main cause of death and no antiepileptic drugs were present on post-mortem toxicology
Further analysis of the group of people who died due to epilepsy and where no antiepileptic drugs were present on post mortem toxicology, showed that 31 (70.4%) had a documented history of alcohol dependency (Table 1) , 12 (27.3%) had a history of illicit drug use, with cannabis being the main illicit drug used and the remainder had alcohol intoxication implicated in the cause of death but no record of alcohol dependency. This group of people were the youngest cohort of people with a history of epilepsy recorded by the NDRDI with a median age of 44.5 years (Table 1) . One fifth were in contact with medical services as they were recorded as receiving some type of prescription medication. While no antiepileptic drugs were present in the post mortem toxicology it is not possible to ascertain from the information available if these people were prescribed antiepileptic drugs but had not taken them.
For almost three quarters (70%) of this group, the incident that precipitated their death occurred in a private dwelling. Many (63%) were not alone at the time of their death, with family or friends present in 36% of cases; however data are not available to indicate if family or friends witnessed the seizure that lead to death in these cases.
Discussion
Over the period 2004-2013, 225 (1.7%) of the deaths included in the NDRDI had a history of epilepsy. The main cause of death among this group was recorded as being directly due to epilepsy (82-36.4%), of which the majority were recorded as being due to SUDEP. The next main cause of death in this group was respiratory infection (23-10.2%). The majority of deaths due to epilepsy were middle-aged men. One of the key findings is that many were not alone at the time of their death, often with family or friends, which suggests there may have been an opportunity to administer appropriate first aid by people present, which may have prevented the fatality in cases where seizures were prolonged.
While some of those who died were most likely in contact with medical services, as they were known to be prescribed medication, 44 people who died due to epilepsy had no antiepileptic drugs present on post-mortem toxicology. This may be evidence of poor compliance with medical treatment or due to a decision not to treat with antiepileptic drugs by medical or epilepsy services. People with epilepsy are reported to have a higher rate of poor compliance with anti-epileptic drug treatment [3] and lack of treatment with antiepileptic drugs is seen as a risk factor for SUDEP [2] . The possible presence of liver disease due to chronic alcohol intake must be acknowledged and this may either require high doses of antiepileptic drugs or more frequent smaller doses of antiepileptic drugs to maintain therapeutic levels [5] . It is also possible that comorbid illness, active alcohol use and mental illness would dissuade practitioners from prescribing medication which could potentiate metabolic abnormalities, and worsen psychiatric effects. Poor compliance, the high percentage of alcohol dependency and the perception of medical services treating people in this situationwould suggest there is a need for more considered approach to the treatment of epilepsy among people with alcohol dependency in the clinical setting.
By examining the characteristics of these individuals who had a history of epilepsy, we have been able to identify factors that appear to contribute to an increased risk of death due to epilepsy. This is the first study of its kind in Ireland to show a relationship between alcohol dependency and deaths involving epilepsy.
Limitations
This study only included those people with epilepsy who met the inclusion criteria for the NDRDI so it does not include all deaths due to epilepsy or all deaths among people with a history of epilepsy. A subset of data was extracted from the NDRDI, the methodology for which has been described in Section 2. Because a history of epilepsy, where it exists, may not always be recorded in the information sources supplying data to the NDRDI, the number of individuals included in this study is likely to be underestimated, which limits the scope of the study. Results for other variables are also likely to be underestimated as collection of information in coronial records is not standardised.
Recommendations
Coronial reports contain very valuable data [8] and most deaths due to epilepsy are sudden and unexpected, therefore are notifiable to the coroner. By extending the NDRDI inclusion criteria to include all epilepsy-related deaths reported to the coroner, it would provide more valuable public health surveillance data to improve our understanding of circumstances and risk factors related to epilepsy deaths. It could provide data to improve delivery of health care to people with epilepsy through research and applied knowledge.
Raising awareness about epilepsy-related deaths and improving general knowledge about epilepsy and promotion of appropriate first aid response to seizures is required. Comorbidities, mortality risks and appropriate management of seizures should be incorporated into the treatment plan of all persons with epilepsy and their families. This may also have a positive impact on addressing non-compliance with medication among people with epilepsy.
While recognising the difficulties that practitioners have in prescribing long-term medication to groups of patient with significant co-morbidities, likely to be exacerbated by potentially toxic drugs, expanding the availability of rescue treatment needs to be explored in an effort to decrease epilepsy-related deaths. The question of whether all people with epilepsy who have alcohol dependency and associated co-morbidities should all be on anti-epileptic drugs remains unresolved by this study.
Conclusion
Given the high percentage of individuals with a diagnosis of alcohol dependency that died as a result of epilepsy and who have no antiepileptic drugs in their system at the time of their death, there is a pressing need for preventative measures for this at-risk group. Allowing for underestimation in the data presented in this paper, it is possible that many of these deaths due to epilepsy could be preventable through decisive and inexpensive action, such as links between appropriate services including addiction and mental health services and increased education in the public domain about epilepsy and appropriate first aid responses to seizures. The current expansion of primary care centres in Ireland provides an opportunity to include these actions as community-based interventions.
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